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Malformation®D 725
B S

Incomplete  Agenesis renal agenesis
morpho- Hypoplasia micrognathia
S Incomplete separation syndactyly
Incomplete closure cleft palate
Incomplete septation ventricular septal
defect
Incomplete migration exstrophy of bladder
Incomplete rotation malrotation of gut
Incomplete resolutaion Meckel diverticulum
Persistent earlier location cryptorchidism
Abberant form pelvic spur
Accessory tissue polydactyly

Functional defect a0 clubfoot -



Malformation DR R EFHARFE] 1
atlormaton - Defetin

anencephaly closure of anterior neural tube D26
meningomyelocele closure of posterior neural tube D28
cleft lip closure of lip D36
cleft maxillary palate fusion of maxillary palatal shelves W10
branchial sinus or cyst resolution of branchial cleft W8
esophageal atresia plus lateral separation of foregut into trachea and D30
tracheoesophageal fistula  foregut

Diaphragmatic hernia closure of pleuroperitoneal canal W6
Duodenal atresia recanulization of duodenum W7-8
Malrotation of gut rotation of inestinal loop W10
Omphalocele return of midgut from yolk sac to abdomen W10
Meckel diverticulum obliteration of vitelline duct W10
Rectal atresia with fistula lateral separation of cloaca into rectum and W6

urogenital sinus

EG10 11



Malformation DR A EFHERFE] 2

Extrophy of bladder migration of infraumbilical mesenchyme D30
Bicornuate uterus fusion of lower portion of mullerian ducts W10
Hypospadias fusion of urethral folds W12
Cryptochidism descent of testicle into scrotum M7-9
Transposition of great directional development of bulbus cordis D34
vessels septum

Ventricular septal defect closure of ventricular septum W6
Patent ductus arteriosus closure of ductus arteriours M9-10
Apasia of radius genesis of radial bone D38
Syndactyly, severe separation of digital ray W6
Cyclopia, holoprosencephaly prechordal mesoderm development D23

EG10 12
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FBHERDETEERR

FRAEREE 4-28 %
B EE &3 3-7%

H—EE¥FR 3-9%

RDBERE 7-17 %
KR 2-10 %
RBEHOSWVIEFHEF~DRE 5-13 %
XA/ REER 3-12 %

4~BH 30-50 %
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INREEGSZELIZWNVEERE AT —1

Aov—IT B IR ARERE

A ERE

Down syndrome 1B BRDBE
Trisomy 18 syndrome 18T L BIRDIBE
Trisomy 13 syndrome 13T/ BIADBE

4p- syndrome AR EEREEDER D RE
5p- syndrome SEZEBMREBDE N RK
Turner syndrome 2 B A FE R HYX

Klinefelter syndrome 4 2 8 R HE R HSXXY



INBREIEGLEMLELMEEATT)—2

LEEX IS E NS LNE B & E

B OROHF

Prader-Willi syndrome  FISH(SNRPN), AFJLiET X
Angelman syndrome  FISH(SNRPN), *FJLiET Xk

Kabuki syndrome KMT2D KDM6AD 1B FEE
Williams syndrome FISH(elastin)
Beckwith-Wiedemann 11p15.5MEGFED A T)
syndrome UTAVT RBRE

Sotos syndrome FISH(NSD1)

von Recklinghausen BRFEZLEZ M 2L HE
Disease



INRREGSZELIZWERE AT —3

BATZIThER I*ﬁb\“i’ﬁu\{é%u

Marfan syndrome R EENH HH B AR
Noonan syndrome AEEE T HE - 45 E BN
Cornelia-de Lange BEREG-BEER-15EENR
syndrome

Tricho-rhino-phalangeal 3247 &HY

syndrome

Ehlers-Danlos syndrome R [E-BHEN D B{HRE
MELDRAATHY




INRBIELGLEZLI-WVEE AT —4
IL\Z?ﬂ%"-\H?éEM

|>HI

BHLPTLDER

del(22)(g11.2) syndrome Conotruncal anomaly

Marfan syndrome AR, MR
Noonan syndrome PS, ABRELDNTRIE
Williams syndrome SVAS, PPS
CHARGE syndrome Conotruncal anomaly
VATER association VSD
Chromosomal anomalies

Down syndrome VSD, AVSD

Turner syndrome CoA



INBRIELGSZELZLMEREATI)—5

BOEHEA T HEE

Axenfeld-Rieger syndrome HIF K38, FXHNPE
Lowe syndrome JAPE

Marfan syndrome 7K &R {4 58 R E3
CHARGE syndrome B2 R 18

Cat eye syndrome ARV &=

Aniridia-Wilms tumor Ass. ] 7
Waardenburg syndrome I3 Ef
Ol: osteogenesis imperecta B 2 iRf&




INRREEGLZELEZWEEATI—6

Fre-BHUDOFREZEHT ORE

T HEORFREMMRE

Rubinstein-Taybi syndrome  TED & ULNEHE AL
Craniosynostosis syndromes &SI8JE, ZI8E

Trisomy 13 2 I8 E

Aarskog syndrome IKEESHRDBN & 16
Achondroplasia =15
Smith-Lemli-Opitz syndrome ZE1I-I1EF 3 & AL
Russell-Silver syndrome F5ERE

Trisomy 18 HiYEH1E



INRBIEGLEZELEZWMEEATI)—7

i 12|-<§l_‘0);« Feathd dRE

T o R D RRIFT R

Thanatophoric dysplasia & i 7% PH % %5 48

Achondroplasia U0 i %2 4
Osteogenesis imperfecta PHERDZER, BT
Amyoplasia congenita % FEEN ) Ha

disruptive sequence
Camptomelic dysplasia iR -5 DE

Pena-Shokeir syndromes % B &l fa i,
FEDELY




INEF E?‘“%E‘/)&ﬁbf:b\ﬁ% H7I1)—8

AF-OEREEHT HKE

Robin sequence BE-OFHIIZHEF

Oral-facial-digital syndrome ﬁ/’Eﬁ:’)._)_'lj: A\ AY

EEC synd

PYRETOME = EFQORHE S
Frontnasal dysplasia & (L hAR IR D T B
CHARGE syndrome HEESISEENHB.

Chromosomal anomalies
Trisomy 13, 4p- syndrome
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« EBADEFHIEHR: RELEFHRR, &
- MFADEFHIFHR: RikE

A
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270t X

iLEHLINVIIHFELTHDIBEHREDEES
BEZELHENDEES HAFMVEDREE
T—AR—REDBE . RV)—= T 1%
XENEDIE S  fERIER

Phenotype (RIRE!) D7 RA K
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' AR 5077 0—F

« EBADT/LIFEHR + MGEEDT /LIFH

# 8 {&AG-banding

Single site FISH Multicolor FISH
(including telomere FISH)

Microarray CGH/SNIP

Single gene/group of genes Exome Sequencing
Sequencing

Whole genome sequencing

Genotype GRIZFE) D7 A AV
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T RIERE LR

FREFEZMERE Prader 1/10,000-15,000
21M)VE— 1/830 Sotsos 1/10,000-20,000
18~1JYE— 1/7,500 Beckwith 1/13,700
13k)V=2— 1/22,700 Axenfeld-Rieger 1/200,000

HREAREHERE Kabuki 1/32,000
47 XXY 1/1,000 Cornelia de Lange 1/10,000-30,000
47 XYY 1/1,000 Hutchison Gilford 1/20,000,000
45,X 1/4,000 O’donnell-Luria-Rodan :

47 XXX 1/900 Acho 1/10,000
FEABERKIEERER Marfan 1/5,000-10,000
Ap-JE &= F+ 1/50,000 Ehelers Danlos 1/5,000
S5p-fiE & 8% 1/15,000-50,000 | Ol 1/20,00-30,000
220112 R K Ef% 5% 1/4,000-5,000 | Huntington 1/150,000
1p36 R KIE & 5F 1/25,000-40,000 | MD 1/20,000
Williams 1/20,000 Hemophylia A 1/20,000
Miller Dieker 1/100,0000 DMD 1/3,500

40




HEEBE Al D& 2

1/100 Lkt f0I89FEE, BRAEARNINSLEE, ADHD, TAMA, EXRMEIESE
1/ 100-1,0000 Trisomy 21, BB E 4 W49 3k 22 fE,

1/ 1,000-3,000 Klinefelter syndrome, Turner syndrome, Noonan syndrome, 77 0—[Y
IE, West fEZEE

1/ 3,000 — Trisomy 18, del(22)(g11.2), Marfan syndrome, Achondroplasia, Ehlers
1/10,000 Danlos syndrome, Fabry disease, DMD, BEREH, $HAT, M KK, IL
FUiE

1/1hB—2A 5p- syndrome, Trisomy 13, Prader-Willi syndrome, Williams syndrome,
Sotos syndrome, Myotonic dystrophy, Beckwith-Wiedemann syndrome,
Cornelia de Lange syndrome, fEIEEASH, BIE KB i@fZRK

1/285—5A 4p- syndrome, del(1)(p36) syndrome, Kabuki syndrome, Osteogenesis
imperfecta, SMA, SCID

1/5/3—20/8 Hunter disease, Hurler disease, Morquio disease, Pompe disease,
Phenylketonuria, Miller Dieker syndrome

1/ 208 — Hutchison Gilford syndrome, Axenfeld Reiger syndrome, Pelizaeus
Meltzbacher disease



Case 1

BARE  345% 183013 E (B1FES)
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casel ZBE{AREE FISHE
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Nlw

{ LI51 gene
]| ~80kb

17

U | [S1(17p13.3) probe M4 F IL(FRE)
- :RARA(17g21.1) control probe D4+ JL(§E )

) D R K

LIS1(17p13.3)(Miller-Dieker syndrome = {EFE1
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Case 2 Schintzel Giedion AE{x&¥




Case 3 Z&£&FEHRIE
metatropic dysplasia

caudal tail







EEERRYAE
metatropic dysplasia
(MD:; OMIM 156530)

EEDERRODELET
“metatropic” (X B &3k
EnTOR—arnNEL
THAREDHHERT T
UNFRICHETS. T
H5ARETIIHERICIEZM
REMRENEHTHS,
HRFAICULV=YEIEDZ A
HOBECHEVVEERNE
I 5LV FEERD.

TargetiBEFRETRPV4




A novel missense mutation of TRPV4, ¢.2324G>A
(p.R775K) in patient MTP-3 (HT)

T
CCGCAéGTGGTG CACCAC/TG

C

Forward Reverse

The mutation, ¢.2324G>A (p.R775K) was found in two patients in our study



A known missense mutation of TRPV4,
.2396C>T (p.P799L) in patient MTP-12 (RF)

T
ACC/GGGCAAG CTTGCCC/GGTCCTCG
C

Forward Reverse

by

The mutation, ¢.2396C>T (p.P799L) is a common, recurrent mutation.
It was found in 4 patients in our study and one patient in another study



A novel mutation, ¢.1411 1413 del TTC (p.F471 del)
occurred in one MD patient MTP2 (MK)

Reference sequence

CTcT ceT TCTACATC AR Phe 471 is highly conserved
GTCTCCT HNCATCAT CHEH among different Species
c.1412 1414 del TCT 471

Human RDKWRKFGAVSFYINVVSYLC
Mouse RDKWRKFGAVSFYINVVSYLC

Rat RDKWRKFGAVSFYINVVSYLC
Dog RDKWRKFGAVSFYINVVSYLC
Pig RDKWRKFGAVSFYINVVSYLC

Cattle RDKWRKFGAVSFYINVVSYLC
Chicken  RDKWRKFGAVSFYIBVVSYLC
Zebra fish RAKWRKFBAVEFY ISVESY LN




TILI7ARE

JKem{KHE
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KENAREEB D Hhak

Dilation
of aorta




Marfan syndrome Ghent® g2 irE#E

Skeletal System
B DA

Ocular System

R

Cardiovascular
System
DN E

Pulmonary System

FIRE

Skin and Integument

RIEENE

Dura

s

Family/Genetic

History
Rk BIGE

*Presence of at least four of the following manifestations:

éﬁg@ﬁ#ﬁ@55’i‘ﬁ(t{;4ﬂﬁﬂ%ﬂéa Pectus carinatum

*Pectus excavatum requiring surgery

FRNBHELEDR

*Reduced upper to lower segment ratio or arm span to height ratio greater than 1.05
THEIIHTELEFEDREIDEL., HAVEFRISHT BT —LRNY (AFEBICEIF-EEZD1E)
DLEA.05KY KELY,

*Wrist and thumb signs

YRS A2 (FEERESRICRIEAMEDE—BHEBR 5. 1) Y LAY/ (BRIEEPICLTFE
FEoEIT/NMEDBINSHIEDMAL THSE) LB HE5HE

*Scoliosis > 20d or spondyloisthesis

HFRAIZE QT FH20ER) T EHT NYE

*Reduced extensions at the elbows (<170d)

B e R FIRR (A F 170 R i)

*Medial displacement of the medial malleolus causing pes planus

it o fei B 7l PR (£ 1 7O BE K )

*Protrusuio acetabulae of any degree (ascertained on radiographs)

BRFAE 2R H (X#R iR THERR)

*Ectopia lentis (dislocated lens)

IK@RIRIRGL (KB IARRED)

*Dilatation of the ascending aorta with or without aortic regurgitation and involving at least the sinuses
of Valsalva; or

NIVHIVNRERERED LT ABARDIEIR (KBIARFBASET SEDF|ICESELY)

*Dissection of the ascending aorta

EITRERD ERE

None

Ao —HEFHYFEEA

None

Ao —HERFHYFEA

*Lumbosacral dural ectasia by CT or MRI

FEALER DFEREHESR (CTH AL NIMRITHERR)

*Having a parent, child or sibling who meets these diagnostic criteria independently
CNoDZMEEEB-TH., FH. TL5EVDERE

*Presence of a mutation in FBN1 known to cause the Marfan syndrome
RIVI7UIEERHDIRE L HFBNIDRA LR

*Presence of a haplotype around FBN1, inherited by descent, known to be associated with unequivocally
diagnosed Marfan syndrome in the family

RIENTYILI 7V EERDETEZMEZ (T =BiEh 5B ELTz. FBNIONTO2(TDEE

*Pectus excavatum of moderate severity

FMEBELEONH SRR

*Joint hypermobility

FEEITE LM EE

*Highly arched palate with crowding of teeth
ENEAE>TEATVNTAZEDT7—F (BY) AELY

*Facial appearance (dolichocephaly, malar hypolplasia, enophthalmos, retrognathia, down-slating
palpebral fissures)

BRR (REA. B DM HAT L. RERMEE. THORR., BRI T HIER)

*Abnormally flat cornea (as measured by keratometry)
REICTHELAR (AR RAE XSS TAE)
eIncreased axial length of globe (as measured by ultrasound)

IRE RO R (BE KSR TRE)

*Hypoplastic iris or hypoplastic ciliary muscle causing decreased miosis

MEESISECITHUHEEERFORETE

*Mitral valve prolapse with or without mitral valve regurgitation

{BIR SRR (BB FFAETREDHE/ICLSKLY)

*Dilatation of the main pulmonary artery, in the absence of valvular or peripheral pulmonic stenosis or
any other obvious cause, below the age of 40

FIMENAR D HEIR (FMENAR F AL R O RAHMERMBIARIR R | MhICBARELRRENLNMES) (405 K i)
*Calcification of the mitral annulus below the age of 40

{218 S8R D A IRAE (40RERH)

*Dilatation or dissection of the descending thoracic or abdominal aorta below the age of 50

TATHIRR KDk B SRR ER R BHAR D HE R 3 1= (L AR BE (S0i% K )

*Spontaneous pneumothorax

BASKHE

«Apical blebs (ascertained by chest radiography)
fili R ER7K A (M ER X #R $R 52 CHERR)

*Stretch marks not associated with marked weight changes, pregnancy or repetitive stress
BEGRELEL. BRFFREAN R ICBEELEVRN Y FI—Y
*Recurrent or incisional herniae

BHEMEANV_TFELITBEANIL=T

None

RAT—HERZHYEEA
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RIVIFUVEGRBROZHEE EFEREMRR

TEDEFEBKREKRDIBLNT NN DZFED. REEEF (FBNL,
TGFBR1., TGFBR2, SMAD3, TGFB2, TGFB3EIEF%H) IZEEFZEHNIET
W7 IEIERRREZINFETE T Do

BT ARERGVDUELFEEZZROHLGWVNGELHY. TEEDEE
BRERIER DO 2B H#FE -9 M. VL7 EEBROREREZALTEE
BRERAEIR 1 D& - LERER 2SN b,

(xERRER N
1. BERZFO>RVVE. AIE. WBEREFZzEC AR

2. KBAERB - KBARUFEZSCHFHORHFAR

3. RRETRE 20 AL TIXREBAREERZE (VNILYIL/NRR) DYLKR
MZAA7 =2.0, 20K TIXZRAT =3.0) CRATREF D EEREIZ D0
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Shprintzen-Goldberg syndrome (SGS)
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(Shprintzen 1982) (Copyright Oxford Univ Press)
Shprintzen-Goldberg craniosynostosis syndrome (SGS)
(Craniosynostosis with arachnodactyly and abdominal hernia)
(Marfanoid disorder with craniosynostosis, type
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Royes-Dietz syndrome (SGS)
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Rebecca Woolnough et al.,
PEDIATRICS Volume 1 39, number 3, M arch 2017: e2 0161281
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Beals syndrome
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Case 5
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Case 6 22q11.2RNE(xET
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Case 7 Hutchison Gilford JE{z&+

Restrictive dermopathy
(FIRMERBES) FIEE AR
Hyperkeratosis, thin dermis,
collagen parallel to epidermis, flat
dermal-subucutaneous junction
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NM 170707.3:c.1968+1G>A
Chr1(GRCh37):g.156108549G>A
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Case 8 and 9 Noonan £BiyxE

RASopathy
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Case 10 Kabuki fE{zE+
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Case 11 O’donnell Luria Rodan JfE{&EF
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KMT2E NM_018682.4:c. 609T>G,p.Y203X,de novo, hetero
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“meaning”

KMT2C(MLL3)

Methylate
Histone Tails

KMT2E(MLL5) [l
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Transcriptionally repressive chromatin
P Y

Current Opinion in Genetics & Development




Case 12 New syndrome ?

J.M.Cobben?M.M.WeissPF.S.van Dijk°R.De ReuverdC.de Kruiff2 W.Pondaag¢
R.C.Hennekam? H.G.Yntema® A de novo mutation in ZMYND11, a candidate gene
for 10p15.3 deletion syndrome, is associated with syndromic intellectual disability.

European Journal of Medical Genetics Volume 57, Issues 11-12 November—
December 2014, Pages 636-638.

L OREEEEDEEICDOL\T IRUD T4HY—LERE
ZMYND11:NM__ 006624:exon15:c.C1798T:p.R600W,de novo



https://www.sciencedirect.com/science/article/abs/pii/S1769721214001724#!

Case 13 Desanto-Sinawi JE{=#%

IAOOF7 LA EBHEBRE
Chr 7936.2 153,450,090 — 153,837,855 0.4Mb dup 0.495 FEREZ L

Chr 9p12-11.2 43,4699,846 — 43,841,603 0.4 Mb del 0.61 [E/EZ2 L
Chr 10p12.33-12.1 18,428,877 — 28,961,889 10 Mb del %X

ClinGenZ @ 5 H%HI, pLI, LOEUFCTE¥EZ#E 2 5 DIXMLLT10,
ARHGAP21, WAC, SKIDA1, NEBL, BMI1, RAB, MYO3A, GAD,
ABI1, YMF1L1
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Case 14 Potocki Lupski syndrome
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Case 15 TemplefE{xa+
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Case 16 ATRX
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